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Summary: The role of antibodies to Tamm-Horsfall protein in the diagnosis of acute pyelonephritis was studied.
Antibodies to Tamm-Horsfall protein were also determined in a group of normal subjects. Patients with acute
pyelonephritis were divided into subgroups according to the concurrent presence of vesicoureteral reflux or nephrol-
ithiasis. No statistically significant differences (p > 0.05) were observed for any class of antibodies (IgG, IgA and
IgM) between the groups of healthy subjects and patients with acute pyelonephritis, regardless of the presence or
absence of vesicoureteral reflux or nephrolithiasis. Values for different antibody classes showed that IgM antibodies
were the most abundant in all the groups examined. A difference in the values of IgM relative to IgA and IgG
antibodies was found to be statistically significant in the patient group only (p < 0.05). In patients with vesicouret-
eral reflux, there was no statistically significant difference (p > 0.05) between the values of IgM and of other
antibody classes. In these patients, however, the highest values of all the three antibody classes were obtained,
although these differences were also not statistically significant (p > 0.05). The results pointed to the need of
further studies of the role of antibodies to Tamm-Horsfall protein in the diagnosis and pathogenesis of tubulointersti-
tial nephritis.
Introduction 10), Tamm-Horsfall protein is "a hidden antigen" to the
^ . , . ~ „ , . , immune System.Bacten l mflammation of the unnary tract is among the
most common infections in the populations of developed Quite interesting is the demonstration of Tamm-Horsfall
cou tries (1). To date, the clinieal picture alone has been protein antibodies in serum from normal adults, children
used to diagnose acute pyelonephritis, with some degree and newborns. This raises the question of the origin of
of uncertainty, because the diagnostic procedures vail- the Tamm-Horsfall protein antibodies to Tamm-Horsfall
able aire neither specific nor sensitive enough (2-^4). protein autoantibodies, i. e. do they originate from the
Tamm-Horsfall protein, f und in the urine, mostly in the kidney or are they just antibodies to antigenically Tamm-
form of aggregates (Afr7 X l O6) and partially in the Horsfall protein-like proteins (11) non-specifically
form of subunits (MT 80 000), is synthesized in the epi- bound to Tamm-Horsfall protein?
thelial cells of the ascending limb ofHenles loop and in , f . .
Λ '· ' i " --. ^Λ j - * i x.t i - · Au ^ ^ At present, there is a controversy about the usefulnessthe proximal part of the distal tub le, i. e. m the part of „ \ Λ . . . . . . . _, rr . ..,u t . , A Λ. .i j j u i u -4.· of the determmation of antibodies to Tamm-Horsfallthe kid ey most frequently damaged by pyelonephritis. . . , .. - . . „ . ,/ .τ^ Λ. \ ,. 0. . . 4. Γ , Λ protein m the diagnosis of urmary tract infections (5,6,Therefore, many authors (5—8) have mvestigated the \^ ,_ _. _ + . ^ Λ , j^ , ' « ' J f u \ .. :: . ' - ' . , 12-17). Therefore, the aim of this study was to deter-role of Tamm-Horsfall protein in the pathogenesis and . / , rr . J .
A. . r . · u· · mme the Tamm-Horsfall protein antibodies m acute pye-diagnosis of uruiaiy tract infections. . . . . . jf. ., , . , ,.lonephntis patients divided mto subgroups according to
It has been postulated that pathophysiological alterations the concurrent presence of other conditions possibly
lead to the exposure of, and formation of antibodies to, contributing to the tubulointerstitial damage, such s
Tamm-Horsfall protein. According to most authors (5, 9, nephrolithiasis and vesiculoureteral reflux.
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Patients and Methods
Thc study was carried out in a group of 26 patients (five males
and 21 females) with thc diagnosis of acute pyelonephritis made
on the basis of physical and laboratory examinations. Clinical diag-
nosis was made according to the following criteria: significant bac-
teriuria (> l O5 bacteria of the same strahl per l μΐ medium urine
flow), erythrocyte Sedimentation rate > 25 mm/h, body tempera-
ture > 38 °C, lumbar pain and sensitive succussion. Azotaemia was
not present in any of the patients. Upon admission, all patients
undenvent radiological examinations (ultrasonography, infusion
urography and miction cystourography). Eight patients had nephro-
lithFasis, and vesiculoureteral reflux, stage II-III, was demon-
strated in five female patients. A control group included 18 subjects
who had never suffered from any renal disease and in whom the
presence of acute urinary infection was ruled out by history and
clinical examination.
Isolat ion of Tamm-Horsfall protein
Tamm-Horsfall protein was isolated from the urine of healthy adult
males and females by multiple precipitation with 0.58 mol/I NaCl
(18). The purity of isolated Tamm-Horsfall protein was tested by
immunoelectrophoresis with a specific antiserum to Tamm-Horsfall
protein (IgQ fraction, Institute of Immunology, Zagreb) and a com-
plete anti-human serum (Behring, Marburg, Germany). The protein
concentration s measured by the method of Rieder was l .08 g/l.
ELISA
The values of Tamm-Horsfall protein antibodies were determined
by direct enzyme immunoassay (ELISA) according to the modified
procedure proposed by Fasth et al. (6). Microtitre plates (Behring,
Marburg, Germany) were coated with Tamm-Horsfall protein (10
mg/1 in phosphate buffered saline, pH 7.4) for l h at 37 °C. After
emptying the wells, human serum alburhin (l g/l in phosphate buff-
ered saline, Behring, Marburg, Germany) was added and incubated
for l h at 22 °C to block the free binding sites. Thereafter, the
plates were washed three times with phosphate buffered saline-
Tween 20 and twice with distilled water. Serum samples (100 μΐ)
diluted with phosphate buffered saline-Tween 20, were added to
each well (for the determination of IgA and IgG class antibodies,
the dilution was l : 5, and for IgM class antibodies it was l : 10).
After incubation for l h at 22 °C, the piates were washed three
times with phosphate buffered saline-Tween 20. Secondary anti-
bodies labelled with alkaline phosphatase (anti-human IgG, IgA
and IgM, Sigma, St. Louis, USA) were added, with previous di-
lution with phosphate buffered saline-Tween 20 (IgA, IgG and IgM
class antibodies were diluted l : 4000, l : 5000 and l : 25 000, re-
spectively). After incubation for l h at 22 °C and washing three
times with phosphate buffered saline-Tween 20, Substrate solution
0?-nitrophenylphosphate, l g/l in diethanolamine buffer, pH 9.8,
Sigma, St. Louis, USA), was added (100 μΐ per well). The plates
were incubated for 1.5 h in the dark at 22 °C, and the colour devel-
opment was stopped by the addition of 3 mol/1 NaOH (Kemika,
Zagreb), 200 μΐ per well. Absorbances v/ere read on a Behring
ELISA analyser at a wavelength of 405 nm.
The value of "blind test", i. e. the read for the Tamm-Horsfall pro-
tein-coated wells, and the value for unspecific binding, i.e. the
absorbance for the wells to which secondary antibodies had been
added, were determined for each microtitre plate. Both values were
determined on three occasions and their means calculated. The
value of Tamm-Horsfall protein antibodies was also determined
on three occasions and the mean value of the three determinations
was calculated.
The data thus obtained were statistically processed on a personal
Computer (PC AT) using Quickstat and Microstat programs. As the
results showed unusual distrib tions for all antibody classes, the
significance of the differences was determined by non-parametric
methods, i.e. by the Mann-Whitney U test and Kruskal-Wallis test.
Results • r
Twenty-six patients (five males and 21 females) with the
diagnosis of acute pyelonephritis were included in the
study. The patients with vesiculoureteral reflux were
younger (mean age, 30.6 ± 19.5) than either those with
nephrolithiasis (mean age, 53.5 ± 15.4) or those with
acute pyelonephritis without reflux and lithiasis (mean
age, 43.5 ± 20.6). The age difference between the indi-
vidual groups of patients was not statistically significant
(p > 0.05). Vesiculoureteral reflux was present in four
female patients, whereas nephrolithiasis was demon-
strated in seven female patients and in pne male patients.
In most patients (N — 19), urinary tract infection was
caused by Escherichia coli, in two female patients by
Psendomonas aeruginosa, and five patients had sterile
urine on admission.
The values of antibodies to Tamm-Horsfall protein are
shown in table l.
No statistically significant differences were observed for
any class of antibodies between the patients with acute
pyelonephritis, with or without eoncurrent vesiculouret-
eral reflux or nephrolithiasis, and the normal subjects
(p > 0.05). The highest values of all the three antibody
classes were measured in the patients with acute pye-
lonephritis and vesiculoureteral reflux, but the difference
was not statistically significant when compared with
either healthy subjects (p > 0.05) or other patients
(p > 0.05).
t
The results clearly showed the IgM antibody values to
be the highest in all the groups of subjects. There was
no statistically significant difference (p > 0.05) in the
Tab. l Values of Tamm-Horsfall protein antibodies in patients
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values of IgG and IgA antibodies between the groups of
healthy subjects and patients, but the patients with acute
pyelonephritis had significantly higher IgM than IgG
antibody values (p < 0.05). This difference was not stat-
istically significant in the patients with vesiculoureteral
reflux (p > 0.05).
Discussion
The diagnostic procedures currently used cannot differ-
entiate between lower and upper urinary tract infections.
As the question of the interstitial penetration by microor-
ganisms in pyelonephritis cannot be answered with cer-
tainty, numerous authors have embarked upon the study
of the role of Tamm-Horsfall protein antibodies in the
diagnosis of urinary tract infections.
Determination of Tamm-Horsfall protein antibodies in
sera from patients and healthy subjects, using the Tamm-
Horsfall protein polymer molecule isolated from the ur-
ine of normal subjects äs an antigen, did not reveal any
statistically significant differences between the two
groups of subjects, suggesting that the determination ,of
Tamm-Horsfall protein antibodies in serum i s of no
value in the diagnosis of acute pyelonephritis. Likewise,
neither Lynn et al. (16) could demonstrate the usefulness
of Tamm-Horsfall protein antibody determination in the
diagnosis of urinary tract infections. Avis (17) has also
reported similar results. In contrast, the results of other
authors (12—15) suggest that the determination of
Tamm-Horsfall protein antibodies might be valuable in
the diagnosis of acute pyelonephritis.
Our results appear to be in agreement with the con-
clusions made by others (5, 10), stating that Tamm-
Horsfall protein is not directly related to the immune
System. The highest values of antibodies to Tamm-
Horsfall protein were meäsüred in the patients in whom
vesiculoureteral reflux was also present, suggesting per-
haps that in these patients, the immune System is directly
stimulated by the Tamm-Horsfall protein polymer mol-
ecule penetrating the iräterstitium by intrarenal reflux
from the urine. The difference relative to other patients
and normal subjects was not statistically significant,
pfobably düe to the fact that vesiculoüfeteral reflux was
present in four female patients only. These :resülts are
consistent with thpse reported by Fasth et al. (6), who
observed significantly higher values of IgG and IgA
antibody classes in the patients with acute pyelonephritis
and vesiculoureteral reflux, compared with the patients
with normal radiological fiiidings.
In their subsequent studies, Fasth et al. (19) found low
values for IgG, and explained this by Tamm-Horsfall
protein antibody binding to Tamm-Horsfall protein de-
posits present in cicatrices, considering Tamm-Horsfall
protein deposits to be a useful indicator of the formation
of cicatrices in patients with vesiculoureteral reflux.
However, the reported difference may have resulted
from varying degrees of renal damage in the groups of
patients observed, due to either different reflux stages,
or to more frequent urinary tract infections.
The highest values for Tamm-Horsfall protein antibodies
were meäsüred in the test with secondary antibodies di-
rected toward the IgM class of antibodies, which poss-
ibly also Supports the above Statement, i.e. that the
Tamm-Horsfall protein polymer molecule is not directly
exposed to the immune System. These results appear to
suggest the binding of cross-reactive or "native" anti-
bodies; in patients this would include the binding of
cross-reactive antibodies against bacterial epitopes (5, 6)
or epitopes of Tamm-Horsfall protein-like glycoproteins
that may be changed or exposed to the immune System
in inflammation (9, 20). Our results also Support the hy-
pothesis of the binding of cross-reactive antibodies,
since differences in the values for IgM were statistically
significant for the patient group only. The patients with
vesiculoureteral reflux showed the highest values for all
the three antibody classes, but the difference was not
statistically significant, possibly due to direct immune
System Stimulation and the formation of IgG class anti-
bodies. The difference in Tamm-Horsfall protein anti-
body values between the normal subjects and patients
may have proved statistically significant if the test had
been performed with Tamm-Horsfall protein isolated
from the subjects with dempnstrated urinary tract infec-
tion. Turner (21) observed changes in the glycation of
some glycoproteins during infection, possibly suggest-
ing changes in the Tamm-Horsfall protein molecule (e. g.
changed proportion of sialic acid) during urinary tract
infection. Therefore, determination of antibodies to
Tamm-Horsfall protein isolated from the urine of
patients with acute pyelonephritis might prove useful.
The question would probably be better answered by the
determination of antibodies to subunits of Tamm-
Horsfall protein isolated from patient urine, äs it is quite
certain that the Tamm-Horsfall protein polymer mol-
ecule is not in direct contact with the immune System
(except in patients with vesiculoureteral reflux). As anti-
bodies to bacterial antigens appear in urine earlier than
in serum (3, 22), determination of Tamm-Horsfall pro-
tein antibodies in the urine appears to be potentially use-
ful for the early diagnosis of acute pyelonephritis.
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